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PURPOSE:To obtain a conductive adhesive which can bond an electrode to a charge collector 
inseparably and scarcely causes the separation of the carbon particles when applied by mixing a 
specified organic resin with carbon particles. 

CONSTITUTlONThis adhesive comprises 50-85wt.% copolymer prepared by copolymerizing 70- 
99.99mol% aliphatic hydrocarbon monomer having an ethylenic unsaturation or conjugated double 
bonds with 0.01-20mol% ethylenically unsaturated monomer having one or two carboxyl groups or one 
or two acid anhydride groups to be hydrolyzed later or having a hydroxy! group bonded to the carbon 
atom at which no aliphatic carbon-carbon unsaturated bond is present or a salt of this copolymer and 
carbon particles having a particle size of 0.1 mum or below and a pH of 6-9 when measured in the form 
of a dispersion prepared by dispersing 10wt.% particles in an ethanol/water mixture (1:1 by weight). 
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JP A No. 7-216330 

(54) [TITLE OF THE INVENTION] CONDUCTIVE ADHESIVE 
(57) [ABSTRACT] 

[CONSTITUTION] A conductive adhesive which is a conductive composition 
comprising an organic resin and carbon particles, wherein the organic resin 
is a copolymer having an aliphatic hydrocarbon monomer unit and a 
monomer unit having a carboxyl group or a hydroxyl group bonded to a side 
chain hydrocarbon atom or its salt, the carbon particle has a size of 0.1 jam 
or less, the pH of an ethanol-water mixture solution is made to be 6 or 9 and 
the amount of the organic resin is 50 to 85% by weight. 

[EFFECT] The conductive adhesive is resistant to the separation of carbon 
particles, has excellent adhesion, is resistant to the peeling of an electrode 
from a current collector and can retain high capacity. 
[SCOPE OF CLAIM FOR PATENT] 
[Claim 1] 

A conductive adhesive which is a conductive composition comprising an 
organic resin and carbon particles, wherein the organic resin fulfills the 
following requirement (A), the carbon particles fulfill the following 
requirement (B) and the amount of the organic resin is 50 to 85% by weight: 
(A) the organic resin is a copolymer obtained by copolymerizing (l) 70 to 
99.99 mol% of one or two or more aliphatic hydrocarbon monomers having 
an ethylenic unsaturated double bond or a conjugate double bond with (2) 
0.01 to 20 mol% of one or two or more ethylenic unsaturated double 
bond-containing monomers which have one or two or more carboxyl groups 
or an acid anhydride group which is to be hydrolyzed afterwards in its 
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molecule or a hydroxy! group bonded with a carbon atom free from the 
presence of an aliphatic carbon-carbon unsaturated bond, or its salt; and 
(B) (i) the pH of a solution obtained by dispersing 10% by weight of the 
carbon particles in a mixture solution of ethanol and water (1 • 1, (ratio by 
weight)) is 6 to 9, and (ii) the carbon particle has a size of 0.1 [xm or less. 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[INDUSTRIAL APPLICABLE FIELD] 

The present invention relates to a conductive adhesive suitable as an 
adhesive used to stick an electrode to a current collector in energy storing 
elements such as lithium batteries, nickel-hydrogen batteries and electric 
double-layer capacitors. 
[0002] 

[CONVENTIONAL ART] 

It is well known to use a carbon material for the negative electrode of a 
lithium battery (see JPA 63 24555 and JP-A 64 7258). Batteries of this 
type are listed in Report of Government Industrial Research Institute, 
Osaka, vol. 42, ppl50 159 (1992). As to the lithium batteries, for example, 
a separator made of a porous polyolefin is interposed between a positive 
electrode and a negative electrode and both electrodes are wound spirally to 
fabricate a battery. At this time, an adhesive material containing carbon 
particles and a polyvinylidene fluoride is used as the conductive adhesive for 
sticking the electrode to the current collector. 
[0003] 

This polyvinylidene fluoride has low adhesion to a metal. Therefore, when 
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charging and discharging are repeated, the outermost periphery of the 
electrode is peeled from the current collector, bringing about reduced 
battery capacity. 
[0004] 

In coin type electrodes and electric double-layer capacitors, conductive 
adhesives using resins and carbon materials are also used to stick an 
electrode punched pellet-wise to a current collector. As the resin, a phenol 
resin is used because of low volume resistance. However, while a heat cycle 
and a charge and discharge cycle are repeated, the electrode is peeled from 
the current collector or broken, causing a reduction in capacity. 
[0005] 

When a conductive adhesive containing carbon particles is applied to a 
metal material such as an aluminum clad material and a stainless cell, 
usually, a conductive paste having a viscosity of 0.01 to 20 Pa s is prepared 
using a solvent and applied. Because a polytetrafluoroethylene is insoluble 
in a solvent, a polytetrafluoroethylene powder having a diameter of several 
jim is dispersed together with carbon particles in a solvent prior to 
application. Such a dispersion solution tends to produce precipitates of the 
carbon particles or polytetrafluoroethylene powder and it is therefore 
difficult to preserve and handle the dispersion solution. The polyvinylidene 
fluoride is dissolved in polar solvents such as 2-methylpyrrolidone but 
precipitates when the solvent absorbs moisture. Furthermore, carbon 
particles having a particle diameter of 0.1 |xm or more tend to precipitate in 
a solvent, whereas carbon particles having a particle diameter less than 0.1 
lim have the problem that if these particles are passed through a three-roll 
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when a conductive paste is prepared, they absorb moisture, leading to 

precipitation of a resin. 

[0006] 

[PROBLEM TO BE SOLVED BY THE INVENTION] 

It is an object of the present invention to provide a conductive adhesive 
which is used to stick an electrode to a current collector in an energy storing 
element such as a battery or a capacitor, the adhesive preventing the 
electrode from being peeled from the current collector and being resistant to 
separation of carbon particles when being applied between the electrode and 
the current collector. 
[0007] 

[MEANS FOR SOLVING THE PROBLEM] 

The present inventors have made earnest studies to solve the above problem 
and, as a result, found that the above object can be attained by using, as the 
organic resin binder, a copolymer obtained by combining a unit capable of 
absorbing stress generated by the expansion and shrinkage of an electrode 
caused by a charge discharge cycle and a heat cycle with a unit having a 
group providing the adhesion of the current collector to a metal in its 
molecule and by using carbon particles having a predetermined pH range 
and a predetermined particle size as the conductive particles, to complete 
the present invention. 
[0008] 

Accordingly, the present invention relates to a conductive adhesive which is 
a conductive composition comprising an organic resin and carbon particles, 
wherein the organic resin fulfills the following requirement (A), the carbon 
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particles fulfill the following requirement (B) and the amount of the organic 
resin is 50 to 85% by weight- 

(A) the organic resin is a copolymer obtained by copolymerizing (l) 70 to 
99.99 mol% of one or two or more aliphatic hydrocarbon monomers having 
an ethylenic unsaturated double bond or a conjugate double bond with (2) 
0.01 to 20 mol% of one or two or more ethylenic unsaturated double 
bond-containing monomers which have one or two or more carboxyl groups 
or an acid anhydride group which is to be hydrolyzed afterwards in its 
molecule or a hydroxyl group bonded with a carbon atom free from the 
presence of an aliphatic carbon-carbon unsaturated bond, or its salt; and 

(B) (i) the pH of a solution obtained by dispersing 10% by weight of the 
carbon particles in a mixture solution of ethanol and water (l • 1, (ratio by 
weight)) is 6 to 9, and (ii) the carbon particle has a size of 0.1 jam or less. 
[0009] 

The organic resin used as the binder in the conductive adhesive of the 
present invention is a copolymer of the above aliphatic hydrocarbon 
monomer (l) and the above monomer (2) having a carboxyl group, acid 
anhydride group or hydroxyl group. The organic resin may contain a unit 
derived from other monomers according to the need. Besides the case 
where the organic resin is obtained by direct copolymerization of the above 
(l) and (2), the organic resin may be synthesized through hydrolysis, 
hydrogenation and/or an ammonium salt or amine salt formation reaction. 
When the copolymer having such a structure is used, a conductive adhesive 
is obtained which can absorb the expansion and shrinkage stress caused by 
a charge and discharge cycle or a heat cycle due to the unit derived from the 
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monomer (l) and which has high adhesion of the current collector to a metal 

due to the unit derived from the monomer (2). 

[0010] 

As the aliphatic hydrocarbon monomer (l), an aliphatic hydrocarbon having 
an ethylenic unsaturated double bond or a conjugate double bond is used. 
Examples of the aliphatic hydrocarbon monomer include ethylene, propylene, 
butenel, isobutene, pentene-1, 1 methylpentene-1, butadiene and isoprene. 
When butadiene or isoprene is used to form a copolymer, the copolymer may 
be saturated by hydrogenation after the copolymer is formed. These 
aliphatic hydrocarbons may be used either independently or in combinations 
of two or more. Among these hydrocarbons, ethylene, propylene and 
butadiene (saturated after copolymerized) are preferable. 
[0011] 

The amount of this monomer (l) is 70 to 99.99 mol%, preferably 75 to 99.9 
mol% and more preferably 77 to 99.5 mol% of the monomers subjected to 
copolymerization. When the amount of (l) is less than 70 mol%, the 
copolymer is lacking in the ability of absorbing the stress produced by the 
volume expansion and shrinkage of the electrode, giving rise to the peeling 
of the electrode caused by charge and discharge cycle or heat cycle during 
the operation of the electrode. When the amount exceeds 99.99 mol%, 
adhesion to a metal such as the current collector is inferior. 
[0012] 

Examples of the monomer (2) include acrylic acids, methacrylic acids, 
crotonic acid, maleic acid, itaconic acid and 4-carboxystyrene as the carboxyl 
group-containing monomer, maleic acid anhydride, itaconic acid anhydride 
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and A 4 tetrahydrophthalic acid anhydride; and DielsAlder reaction adducts 
of cyclopentadiene and itaconic acid anhydride as the monomer having an 
acid anhydride group producing two carboxyl groups afterwards by 
hydrolysis. Examples of the monomer (2) also include, as the hydroxyl 
group -containing monomer, monomers in which a hydroxy group is bonded 
with a carbon atom free from the presence of an aliphatic carbon-carbon 
atom, specifically, a carbon atom positioned at the side chain after the 
polymer is formed- examples of these monomers include 

2- hydroxyethylacrylate, 2-hydroxyethylmethacrylate, 

3- hydroxypropylacrylate, 3hydroxypropylmethacrylate and 

4- hydroxy s tyre ne . These compounds may be used either singly or in 
combinations of two or more. Acrylic acids, maleic acid anhydride and 
4-hydroxystyrene are preferable. A monomer having an acid anhydride 
group is used as (2), the acid anhydride group is converted into two carboxyl 
groups by adding a hydrolysis process next. 

[0013] 

The amount of the monomer (2) is 0.01 to 20 mol% of the monomers 
subjected to copolymerization. In the case of the carboxyl group -containing 
monomer or acid anhydride -containing monomer, the amount of each 
monomer is preferably 0.05 to 10 mol% and more preferably 0.1 to 5 mol%. 
In the case of the hydroxyl group -containing monomer, the amount of the 
monomer is preferably 0.1 to 15 mol% and more preferably 1 to 10 mol%. 
When the amount is less than 0.01 mol%, adhesiveness to a metal such as 
the current collector is inferior whereas when the amount exceeds 20 mol%, 
the resulting copolymer will fail in absorbing the stress caused by the 
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volume expansion and shrinkage of the electrode. 
[0014] 

Moreover, the copolymer may contain 30 mol% or more of other monomer 
units having an ethylenic unsaturated double bond. Examples of the 
monomer for introducing such a unit include styrene, acrylonitrile and 
(meth)acrylates containing no hydroxyl group at the side chain such as 
methy lacrylate , me thylme thacrylate , e thylacrylate , e thy lmethacry late, 
butylacrylate and buty lmethacry late. If the amount of these monomers 
exceeds 30 mol%, the copolymer is swelled or dissolved in the electrolytic 
solution so that it does not function as a binder resultantly. As another 
example of the monomer, vinylidene fluorides are given. When the amount 
of this monomer exceeds 30 mol%, the adhesion of the copolymer is reduced 
and also, the copolymer is scarcely dissolved in an aromatic hydrocarbon 
when a conductive paste is prepared. 
[0015] 

The organic resin that is the copolymer fulfilling the requirement (A) may be 
obtained from the monomer (l) and the monomer (2) and, as required, other 
monomers by copolymerizing these monomers according to a usual method. 
When a conjugate diene such as butadiene or isoprene is used as a part or 
all of the monomer (l), the monomer (2) having an acid anhydride group 
such as maleic acid anhydride is added to a double bond left on a polymer 
chain and then hydrolyzed to convert it into a maleic acid unit. Also, a 
double bond of a polymer chain obtained likewise using a conjugate diene 
may be saturated by hydrogenation. Moreover, when the resulting 
copolymer contains a carboxyl group -containing unit, this may be made into 



(9) 



an ammonium salt or an amine salt by using an alkali metal ammonium 

salt or an organic amine. 

[0016] 

The carbon particles used as the conductive particles in the conductive 
adhesive of the present invention is a neutral or weakly alkaline one which 
allows a mixture solution to have a pH range from 6 to 9 and preferably 6.5 
to 8.8, the mixture solution being obtained by dispersing these particles in 
an amount of 10% by weight in a mixture of ethanol and water (1 : 1, weight 
ratio). When the pH is less than 6, the carbon particles are easily 
precipitated and separated. When, particularly, a conductive paste having 
an apparent density of 20 Pa s or less, the carbon particles are coagulated 
and the carbon particles axe separated from the organic resin or the solvent 
while the solution is allowed to stand. When the pH exceeds 9, on the other 
hand, coagulation and precipitation of the carbon particles are also caused. 
The carbon particles may have any of a sphere form, flake form and fibrous 
form. The size of the carbon particle is preferably 0.1 jim or less, preferably 
30 to 90 rim and more preferably 35 to 80 nm as an average of the diameter 
and minor axis in the case of a spherical one, as an average of the diameter 
and minor axis of a flat surface in the case of a flake one and as the length 
in the case of a fibrous one. This limitation makes it possible to improve 
the dispersibility of the particles in the organic resin that is the binder and 
to prevent precipitation of the particles. 
[0017] 

The conductive adhesive of the present invention contains the organic resin 
and carbon particles which respectively satisfy the aforementioned 
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requirements. The amount of the organic resin to be compounded is 50 to 
85% by weight and preferably 55 to 75% by weight in the adhesive. When 
the amount is less than 50% by weight, the oil absorption of the carbon 
particles is large, causing coating unevenness. When the amount exceeds 
85% by weight, the volume resistance is increased, bringing about a 
reduction in capacity. 
[0018] 

A solvent may be added to dissolve the organic resin of the conductive 
adhesive of the present invention to disperse the carbon particle, thereby 
preparing a conductive paste having an apparent density suitable to 
treatment. Examples of the solvent include aromatic hydrocarbons such as 
toluene, xylene, ethylbenzene and aromatic components of petroleum 
fractions; and aliphatic hydrocarbons such as hexane, heptane, octane, 
cyclohexane, mineral spirit and kerosene. When many carboxyl groups and 
hydroxyl groups are present in the organic resin, 5 to 20% by weight of 
propanol or butanol may be used together to stimulate the dissolution of the 
organic resin. 
[0019] 

The apparent viscosity of the conductive paste is preferably 10 Pa s or less to 

form a thin film. 

[0020] 

Nitrile rubber, isoprene rubber, ethylene propylene rubber or the like may 
be compounded insofar as it is not contrary to the object of the present 
invention. 
[0021] 
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The conductive adhesive and conductive paste according to the present 
invention may be prepared by mixing and dispersing the organic resin, the 
carbon particles and, according to the need, other components by a 
mixing/dispersing machine such as a propeller stirrer, desorber, kneader, 
dissolver, three-roll or ball mill. 
[0022] 

As to the coating method, any optional method enabling the application of a 
thin film may be used- these methods including application using a 
dispenser or an applicator; and printing such as screen printing or 
perforated plate printing. The thickness of the adhesive layer is preferably 
10 |im or less. When the thickness exceeds 10 ^im, this results in a large 
resistance loss. 
[0023] 

Various energy storing elements can be manufactured by using a conductive 
paste utilizing the conductive adhesive of the present invention for bonding 
an electrode with a current collector. As other elements of these energy 
storing elements, known ones may be used without any problem. 
[0024] 

[EFFECT OF THE INVENTION] 

The present invention ensures that a conductive adhesive which is resistant 
to separation of carbon particles when stored and applied and has excellent 
adhesiveness and stable conductivity is obtained. Energy storing elements 
such as various batteries and electric double-layer capacitors in which the 
electrode is bound with the current collector by the conductive adhesive of 
the present invention absorb the stress of expansion and shrinkage of the 
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electrode caused by charge and discharge cycles and heat cycles and 
therefore prevent the electrode from being peeled from the current collector, 
with the result that high capacity can be maintained. As a consequence, 
the conductive adhesive of the present invention can be widely applied to 
energy storing elements, for example, various batteries including lithium 
batteries and nickel hydrogen batteries and capacitors. 
[0025] 

[EXAMPLES] 

The present invention will be hereinafter described in detail by way of 
examples and comparative examples. In these examples, all designations 
of "parts" indicate parts by weight. These examples are not intended to be 
limiting of the present invention. 
[0026] 

In the following examples, the pH of the carbon particles was measured in 
the following manner. Specifically, to a mixture solution of ethanol and 
water (ratio by weight- 1 • l) were added and dispersed carbon particles in 
an amount of 10% by weight based on the mixture solution and the mixture 
was allowed to stand for 5 minutes. Then, carbon particles were removed 
by centrifugation to measure the pH of the mixed solution by a pH meter. 
[0027] 

Reference Example- Synthesis of organic resin 

Copolymers Bl to B3 having each monomer composition shown in Table 1 
were radically polymerized using an autoclave under high pressure in the 
presence of azobisisobutyronitrile in benzene according to the method 
described in "Polymer Synthesis, Experimental Method" (OTSU Takayuki & 
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KINOSHITA Masaetsu, Published by Kagaku Dojin). The synthesized 
monomer was poured in anhydrous diethyl ether to precipitate a polymer, 
thereby refining the reaction product. The polymer was dried. 
[0028] 
Table 1 



Binder No. 


Bl 


B2 


B3 


B4 




Ethylene 


49.5 




47 


47.5 




Propylene 


50 






47.5 




Butene-1 






50 




Monomer 


Butadiene 




78.5 






(parts) 


4-hydroxystyrene 
Acrylic acid 
Maleic acid anhydride 


0.5 


1.5 


3 


5 




Styrene 




20 







[0029] 



Examples 1 to 5, Comparative Examples 1 and 2- Electric double-layer 
capacitor 

Activated carbon having a specific surface area of 2,000 m 2 /g was molded 
into the following size- diameter' 10 mm and thickness- 1 mm by a tablet 
machine to form an electrode. The carboxyl group -containing organic 
resins Bl to B4 synthesized in Reference Example were respectively 
dissolved in an aromatic petroleum fraction having a boiling point range 
from 130 to 180°C according to the compositions shown in Table 2. Also, a 
resol type phenol resin B5 that was an organic resin for comparison was 
dissolved in ethylene glycol diethyl ether. The carbon particles shown in 
Table 2 were respectively added in the ether solution, which was then mixed 
by a three-roll until the carbon particles were uniformly dispersed to 
prepare a conductive paste. This conductive paste was allowed to stand at 
ambient temperature for 24 hours to observe the degree of separation of the 
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carbon particles. The results as shown in Table 2 were obtained. 
[0030] 

This conductive paste was screen-printed on a stainless current collector 
such that the thickness of the coating film after dried was 2 to 4 jim and 
then the above electrode was stuck to the conductive paste under pressure, 
followed by drying under heating at 130°C for 15 minutes to bond the 
electrode with the current collector. In Example 4, however, the drying 
operation was carried out under heating at 120°C for 30 minutes and then 
the bonding operation was carried out on a 150°C hot plate. Also, in 
Comparative Example 2, the coating layer was cured by heating at 200°C for 
30 minutes. The adhesive layers obtained in this manner were subjected to 
a test to measure the volume resistance of each adhesive layer. 
[0031] 

Two electrode elements comprising the carbon electrode and current 
collector which were bonded with each other in this manner were stuck to 
each other under pressure through a separator made of a polypropylene 
porous film such that these elements were facing each other. The elements 
were filled with an electrolytic solution prepared by dissolving 1 mol of 
tetraethylammonium perhydrochlorate in 1,000 ml of mixture solution of 
propylene carbonate and dimethoxye thane (mol ratio- 1 • l) to make an 
electric double-layer condenser. As to the capacity of the capacitor obtained 
in this manner, the initial value of the capacity and the value of the capacity 
after 50 heat cycles (-20° C, 30 minutes to 90°C, 30 minutes in one cycle) 
were measured by the method described in the publication of JP-A 
2-2186808. Also, the condition of the electrode after the heat cycle test was 



(15) 



finished was observed. 
[0032] 

These results are shown in Table 2 in a manner as to compare Examples 1 
to 4 using the conductive adhesive of the present invention with 
Comparative Example 1 using carbon particles having a lower pH value and 
Comparative Example 2 using a resol type phenol resin as an organic resin. 
[0033] 
[Table 2] 



CD 

> 

• 1— < 

cd 

S3 

o 

o 



CO 
CD 

a 
S 

o3 
X 



CM 



CO 
CP 

a 

as 
X 



CO 



CD 



CM 

1 



lO o 
PQ t> 



PQ r 



3 m 



£3 o 
PQ fr- 



ee o 
PQ fr- 



PQ fr- 



^ o 
PQ co 



CO 

P<| 



CO 

2 



be 

o 



o 
o 



ao 

CD 



O 
CO 



S ^ s 

rH CO CO 



CO 



lO 



S s 

co 



^ CO co 



g 00 o 
^ CD CO 



§ °° o 
^ CD ^ 



CO 

a 

o 

?H 

CO 

be 

s 

CD 



CO 

t3 

o3 
o 



■§ w J 

co p«<! 



CO 
<D 



03 
Q4 

o 
Q 



O 



CO 

o 
p. 

a 

o 
O 



o 



o 



o 



o 



o 



o 



CD 

co 
03 

Pi 

CD 
> 

o 

a 

o 
o 

CD 

Cm 
O 



CO 



CO 



a 



CO 
CO 
CD 

o 

a 

03 
O 

O 



CM lO CO 

0 h 6 x 



I> 10 n 

O r-i r-i O 



CO CO CO 



HrinO 



lO IO n 



« ^ O 
rH i—l t-H — ^ 



O IO 10 



o 



CO 

& 

CM 
03 * 0 

CD tj 

■as -s 



a J 
a > 

* — ^ 1— H 



CO 

*CQ fXn 

a a 

O 03 

> o 



CD 



a 

o 

o 
O 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
C^FADED TEXT OR DRAWING 

□ blurred OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 
LINES OR MARKS ON ORIGINAL DOCUMENT 

I^REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



